Service Culture Collection, and a summary of the strains included in this study and their origin is listed in Table 1 . The strains were primarily stored as refrigerated ampules of freeze-dried suspensions of spores and vegetative mycelia in sterile beef serum. Working stock cultures were maintained on slants of S. ipomoea growth agar as described by Clark and Lawrence (2) and stored at 4°C until needed. Biomass for extraction of DNA was grown as shaken cultures in Fernbach flasks containing a modification of tryptone glucose-liver extract-yeast extract (TGLY) broth (9) with mannitol substituted for glucose. The other Streptomyces strains were maintained on slants of yeast extractmalt extract agar (13) or synthetic starch agar (13), and biomass for DNA extraction was grown on unmodified TGLY broth.
The actinomycete Streptomyces ipomoea (Person and Martin 1940) Waksman and Henrici 1941 is the causative agent of a destructive disease of sweet potato (Ipomoea batatas (L.) Lam.) called soil rot or pox (8) . The numerical taxonomic study of the genus Streptomyces by Williams et al. (17) , and the resulting chapter on Streptomyces in Bergey's Manual of Systematic Bacteriology (16) , indicate that this species is a single-member cluster group and distinct from other blue-spored streptomycetes. DNA relatedness studies have been shown useful for delineating Streptomyces species on the basis of criteria established by Wayne et al. (15) and determining genetic diversity within species (4, 5) . The present study was initiated to determine the DNA relatedness between S. ipomoea and other blue-spored or plant-pathogenic Streptomyces species and to evaluate the DNA relatedness among S. ipomoea isolates obtained from a variety of geographical locations. Service Culture Collection, and a summary of the strains included in this study and their origin is listed in Table 1 . The strains were primarily stored as refrigerated ampules of freeze-dried suspensions of spores and vegetative mycelia in sterile beef serum. Working stock cultures were maintained on slants of S. ipomoea growth agar as described by Clark and Lawrence (2) and stored at 4°C until needed. Biomass for extraction of DNA was grown as shaken cultures in Fernbach flasks containing a modification of tryptone glucose-liver extract-yeast extract (TGLY) broth (9) with mannitol substituted for glucose. The other Streptomyces strains were maintained on slants of yeast extractmalt extract agar (13) or synthetic starch agar (13) , and biomass for DNA extraction was grown on unmodified TGLY broth.
MATERIALS AND METHODS
Purification of DNA and determination of relatedness. DNA was extracted by the method of Marmur (7) after breakage of the cells by passage through a French pressure cell (SLM Instruments, Inc., Urbana, Ill.) at 10,000 lb/in2 and was further purified by hydroxylapatite chromatography or cesium chloride density gradient centrifugation (6) . Individual strains yielded 5 to 10 mg of DNA from 85 to 100 g of biomass in initial preparations, which was adequate for the purposes of this study. The percentage of DNA relatedness between strains was calculated from COtO 5 determinations in 5x SSC (lx SSC is 0.15 M sodium chloride and 0.015 M sodium citrate) supplemented with 20% dimethyl sulfoxide at 65°C (Tm -23°C) by the method of Seidler et al. (11, 12) as described by Kurtzman et al. (3) . The standard error for this method was determined to be +5%.
Data analysis. Statistical calculations of the clustering of DNA relatedness data were performed (10) on a DTK Datatek KEEN 80386-16 microcomputer. The data were clustered by the average linkage algorithm (14) with the SAS/STAT CLUSTER procedure, and the dendogram was (14) is shown in the B-16480 (a virulent strain from Japan), and NRRL B-16481 (a dendrogram in Fig. 1 . These data demonstrate the relatively misidentified gray-spored strain) are shown in Table 1 . Four of the strains received as S. ipomoea, NRRL B-1345, NRRL B-1357, NRRL B-16469, and NRRL B-16481, were obviously misidentified, since they had gray rather than blue spores and produced melanin pigment, which is uncharacteristic of S. ipomoea. These strains were included in the study, since they had been isolated from diseased sweet potatoes or from soil surrounding diseased sweet potatoes and could serve as negative controls for the hybridization studies.
DISCUSSION
The numerical taxonomic study of Williams et al. (17) indicated that S. ipomoea forms a single member cluster on the basis of morphological and physiological phenotypic characteristics, an observation that was reflected in Bergey's Manual of Systematic Bacteriology (16) . A study of DNA relatedness in the Streptomyces cyaneus numerical taxonomic cluster of Williams et al. (17) showed that the type strain of S. ipomoea is not closely related genetically to either of the major genetic species of that cluster, Streptomyces coeruleorubidus or Streptomyces purpurascens (3), exhibiting 14 and 13% DNA relatedness to these strains, respectively. The report of the Ad Hoc Committee on Reconciliation of Approaches to Bacterial Systematics (15) suggested that a bacterial species can be delineated by DNA relatedness among strains of greater than 70%. A further evaluation of DNA relatedness of this species with other blue-spored streptomycetes (Table 2 and Fig. 1 ) confirmed that this is indeed a distinct taxon (13 to 36% DNA relatedness). There are three species of the genus Streptomyces that are recognized to be pathogenic to plants, and it was of interest to determine the genetic relatedness of S. ipomoea to the other two species. These species are morphologically and physiologically distinct from each other, and S. scabies and S. acidiscabies are pathogens of the potato and other crops (excluding sweet potato), while S. ipomoea is specific to sweet potato and other members of the family Convolvulaceae. S. ipomoea is genetically distinct from these species, as evident by DNA relatedness of 39 and 17% with S. scabies and S. acidiscabies, respectively.
The data representing DNA relatedness determinations among S. ipomoea strains presented in Table 1 (1) , while the other strains are all still virulent on sweet potatoes. This may represent the loss of genetic material necessary for coding enzymes or factors required for pathogenicity. An evaluation of restriction fragment length polymorphisms of DNA from the type strain and from other virulent strains may help to determine whether gene deletions have occurred. If the gene locus responsible for pathogenicity in this species could be identified, it could be used to produce a DNA probe for the detection of S. ipomoea in soil. This would greatly simplify ecological studies aimed at determining the range of this pathogen in soil worldwide, since no effective selective isolation technique has yet been developed for this species from soil. Although chromosomal DNA relatedness indicates that all S. ipomoea strains belong to the same species, strains might also contain different plasmids that could also contribute to differences in pathogenicity with a regional or geographic specificity.
The data support the concept that S. ipomoea, at least for the strains in the present study, is derived from a recent common ancestor in Japan and the United States, which would indicate that soil rot-resistant lines developed in the United States, for instance, should also have utility for development of resistant cultivars in Japan and vice versa.
